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STUDIES ON THE LIFE HISTORY, SEASONAL PERIODICITY AND 
HISTOPATHOLOGY OF DICHELYNE BULLOCKI STROMBERG AND 




Direct infection of Dichelyne bullocki to its natural 
definitive host, Fundulus heteroclitus, has been experimen­
tally demonstrated. Infective third stage larvae were reared 
in seawater from eggs in various cleavage stages (1-8 cell) 
taken from gravid female worms. Development to the immature 
adult stage was observed in experimental infections. Devel­
opmental stages from one cell to mature adult stages are 
described. No potential intermediate hosts were infected 
with D. bullocki. A seasonal maturation cycle for D. 
bullocki in naturally infected hosts is described for F. 
heteroclitus collected monthly from Johnson Creek, Durham,
New Hampshire. Third stage larvae are recruited into the 
host population in summer, develop into fourth stage in the 
fall, overwinter, and then mature into adult worms in the 
late spring. Third and fourth stage larvae of D. bullocki 
exhibit site specificity for the anterior intestine and
viii
immature and adult worms exhibit site specificity for the 
posterior intestine and rectum. Mature adult worms collec­
ted from Johnson Creek and various locations in Connecticut 
exhibited significant differences in a number of morphologi­
cal characteristics. Examination of histopathology of third 
and fourth stage larvae, and adult worms in F. heteroclitus 
revealed that fourth stage larvae elicited the greatest 
degree of pathology. Pathology generated by fourth stage 
larvae was characterized by hyaline necrosis and inflammation 
of the intestinal submucosa. Adult worms destroyed intes­
tinal mucosa at the point of attachment. No inflammation was 




Adult nematodes of the family Cucullanidae are pri­
marily intestinal parasites of fish, although some have been 
reported from amphibians and reptiles. The Cucullanidae of 
fishes have a wide geographic distribution occurring as para­
sites of both marine and fresh water fish. Cucullanid nema­
todes typically possess a muscular esophagus which is vase 
shaped. Generic separation is based on presence or absence, 
and position of intestinal caeca. Numbers and position of 
pre- and post-anal papillae are also utilized in generic 
determination (Campana-Rouget, 1957).
The taxonomic position of the family Cucullanidae is 
in debate. Chitwood and Chitwood (1974) have placed the fam­
ily in the order Spirurida, but Inglis (1967) has presented 
an argument, based on structure of the mouth parts and esoph­
agus, that the Cucullanidae belong in the order Ascarida.
This controversy becomes important to the study of the biology 
of the Cucullanidae when it is considered that hypothetical 
life histories of these nematodes have been suggested based 
entirely upon their taxonomic position (Margolis, 19 70; 
Hoffman, 1967). It follows that elucidation of cucullanid 
life cycles will lead to a better understanding of their 
taxonomic position. Therefore it is surprising that investi­
gations into the biology of this group of fish parasites have
1
usually been confined to descriptions of new species and the 
taxonomy of the family with few references to life cycles.
A review of the literature indicates that no experimental 
infections of either intermediate or natural definitive hosts 
have been successfully carried out for any member of the Cucul­
lanidae, although speculation on the mode of definitive host 
infection exists in the literature (Le Van Hoa and Pham Ngoc 
Khue, 1967; Gibson, 1972; Vessichelli, 1910). Two studies 
(Gibson, 1962; Janiszewska, 1939) have dealt with the sea­
sonal cycle and other aspects of the biology of Cucullanidae 
of European flounders. Pathology produced by Cucullanidae in 
their definitive hosts has been reported in two studies 
(Janiszewska, 1939; Hiscox and Brocksen, 1972).
Dichelyne bullocki Stromberg and Crites 1972 is a 
cucullanid parasite of Fundulus heteroclitus (L.) (Stromberg 
and Crites, 1972). Linton (1901) reported an undesignated 
species of Cucullanus from F. heteroclitus in the Woods Hole 
region. Stromberg and Crites (1972) suggest that Linton's 
Cucullanus sp. from F. heteroclitus is probably conspecific 
with D. bullocki.
The Fundulus heteroclitus - Dichelyne bullocki host 
parasite system is particularly useful for examining the 
biology of a cucullanid nematode when the host organism is 
considered. The cyprinodontiform, F. heteroclitus, is a 
small fish which is easily collected and subsequently main­
tained in the laboratory. Bigelow and Schroeder (1953) 
described F. heteroclitus as an inhabitant of shallow waters
3ranging from Texas to the Gulf of St. Lawrence, rarely 
occurring in areas not immediate to the coastline.
As a common parasite of F. heteroclitus, D. bullocki 
affords an excellent opportunity to examine several aspects 
of cucullanid biology. The three aspects investigated in 
this study were 1. Experimental studies to determine how the 
definitive host becomes infected with D. bullocki (Section 
II), 2. Seasonal periodicity and site specificity of the 
developmental stages of D. bullocki which occur in naturally 
infected F. heteroclitus (Section III), and 3. Examination of 
the histopathology elicited by D. bullocki in F. heterocli­
tus (Section IV).
SECTION II
STUDIES ON THE LIFE HISTORY OF DICHELYNE BULLOCKI
Introduction
No successful experimental infection of a cucullanid 
nematode to its natural definitive host, or to an intermedi­
ate host has been reported. Vessichelli (1910) reported 
direct infection of a goldfish with larvae of Dacnitis 
stelmiodes, normally a parasite of Petromyzon planeri. 
Janiszewska (1939) described the parasitic third and fourth 
larval stages of C. minutus from naturally infected fish. 
Gibson (1972) described the free living larval stages of C. 
minutus, in addition to the parasitic larval stages. Gibson 
(1972), Markowski (1966), and Janiszewska (1939) failed in 
attempts to infect potential intermediate hosts of Cucullan­
idae. Le Van Hoa and Pham Ngoc Khue (1967) suggested that 
Cucullanus chabaudi directly infect their definite host Pan- 
gasius pangasius, but did not substantiate their hypothesis 
experimentally.
The availability of a cucullanid nematode, D. bul­
locki, naturally infecting a fish which could be held easily 
in the laboratory, F. heteroclitus, provided an ideal system 
for experimental studies on the cucullanid life cycle.
4
5Materials and Methods
Egg and Free Living Larval Development 
Gravid female D. bullocki were recovered from the 
intestinal lumen of F. heteroclitus collected from Crommet 
Creek, Durham, New Hampshire. These worms were used as a 
source of eggs to study the development of D. bullocki in the 
egg and to culture the free living larval stages. Cultures 
were made in 10.5 cm. diameter culture dishes containing tap 
water (0 0/00), or Ward's Instant Ocean at salinities of 5,
10, 20, 30, and 50 0/00. Eggs were easily obtained by plac­
ing gravid females in the culture solutions. The worms would 
expel most of their eggs within two hours after placing them 
in culture and the adult worms were removed at this point. 
Replicates of all salinities were held at 4°, 13° and 23° C.
No aeration or nutrient was provided. Development was ob­
served periodically and specimens were preserved for later 
examination with 70% ethanol containing 10% glycerine. Pre­
served specimens were cleared by allowing evaporation of the 
ethanol with corresponding addition of glycerine. Eggs were 
mounted temporarily in glycerine for examination. Larvae were 
mounted in glycerine jelly utilizing a double coverslip tech­
nique. Glacial acetic acid, a common nematode fixative, was 
found to be too harsh for these delicate larvae.
Experimental Infections of Definitive Host 
Attempts to experimentally infect F. heteroclitus 
with larvae of D. bullocki were carried out in three series
of experiments (Series I, II, and III) .
Series I utilized laboratory-reared F. heteroclitus.
The parental stock was obtained from a tidal pond in Seaside 
Park, Bridgeport, Connecticut. Two gravid female F. hetero­
clitus and one male F. heteroclitus in spawning color were 
placed in a one gallon tank. These tanks contained 10 0/00 
Ward's Instant Ocean. Yarn suspended from a cork was placed 
in these tanks, and as spawning occurred, fertilized eggs were 
deposited on the yarn. Eggs were then picked off and placed 
into separate tanks for incubation. Newly hatched fry were 
fed laboratory reared brine shrimp initially, and then fry 
were switched to Tetra-Min Staple Food'*' within one week after 
hatching. Fish were maintained on Tetra-Min throughout the 
five month period prior to experimental infection.
Nine fish, reared as described, were utilized for
experimental infection in Series I. D. bullocki eggs were ob­
tained as described for egg development study. Five gravid 
female D. bullocki were placed in each of nine culture dishes, 
allowed to release their eggs, and then were removed from the 
culture. Cultures were held at 23° C. for eight days. On 
the eighth day after initiation of culture, one fish was 
placed in each culture dish, and exposed to D. bullocki lar­
vae for 24 hours. Fish were then transferred to a 10 gallon 
aquarium and held there for the duration of the experiment. 
Four control fish were examined for helminth parasites and
^Tetra Werke Dr. rer. nat. Baensch Gmblt. West
Germany.
7found to be negative. All experimental fish in Series I, II 
and III were given complete examinations using standard 
helminthological techniques. However, more detailed examin­
ation was carried out on the intestinal tract to determine 
site specificity since examination of wild hosts indicated 
all stages of D. bullocki found in the definitive host to 
normally occur in the intestinal tract or wall. The intes­
tinal tract was divided into four segments: anterior, middle,
and posterior thirds of the intestine and the rectum. A 
record of incidence and intensity of D. bullocki in each 
segment was maintained.
Experimental F. heteroclitus for Series II and III 
were obtained from Carter's Brook Pond, Newington, New Hamp­
shire after examination of 85 specimens demonstrated no 
occurrence of any stage of D. bullocki from this collecting 
site. Prior to experimentation, F. heteroclitus collected 
from Carter's Brook Pond were acclimated to 10 0/00 Ward's 
Artificial Sea Water'*' for at least two weeks.
Twenty F. heteroclitus for Series II were exposed to 
D. bullocki larvae as described in Series I. After exposure, 
fish were placed in two 10 gallon tanks (10/tank) containing 
10 0/00 artificial sea water and held at 23° C. Fish were 
fed Tetra-Min daily throughout the experimental period.
Series III fish were exposed to D. bullocki larvae 
in a slightly different manner than the prior experiments.
^Ward Natural Science Establishment Inc., Rochester,
N. Y.
8Rectangular (8.0 x 5.0 x 3.2 cm.) glass containers contain­
ing 10 0/00 artificial sea water were used for rearing of 
infective larvae and for 24 hour exposure of F. heteroclitus. 
Prior to exposure, fish were starved ,for 24 hours. Immedi­
ately prior to placing fish in the exposure container, Tetra- 
Min was placed in it and allowed to settle to the bottom. 
Individual fish were then placed in each chamber and exposed 
to D. bullocki larvae for 24 hours. Fish were held in 10 
0/00 sea water in 10 gallon tanks or five gallon buckets at 
23° C. Sea water was changed every 2-3 weeks. Fish were fed 
daily a mixture of Tetra-Min and Ewos Salmon Food.'*' The diet 
was occasionally supplemented with beef liver.
Invertebrate Infection
Five hundred copepod and 100 Gammarus sp. were, examined 
from Johnson Creek, Durham, New Hampshire during the summer 
of 1975 (June, July and August) when it was expected that 
infective larvae of D. bullocki would be available to poten­
tial intermediate hosts. Additionally Gammarus sp. and cope- 
pods collected from Johnson Creek, were held for experimental 
infection. Four cultures of D. bullocki larvae were set up 
as described for the egg development study except that 10 
gravid D. bullocki were used as an egg source in each culture. 
Eight days after starting the D. bullocki culture, copepods 
were added to these cultures. Each culture received 25 cala- 
noid, cyclopoid, or harpaticoid copepods. The fourth culture
■*"Astra-Ewos, Sodertaije, Sweden.
9received 10 Gammarus sp. After five days of exposure to D. 
bullocki larvae, copepods and Gammarus were examined for 
presence of nematode larvae. Copepods were examined whole 
in wet mounts under a compound microscope. They were sub­
sequently crushed under cover slip pressure and re-examined. 
Gammarus sp. were teased apart in 0.85% saline and the various 
body parts were examined in wet mounts under a compound micro­
scope.
Experimental Ovulation of Host 
Ten female F. heteroclitus were collected from John­
son Creek in March 1976 at a time when no adult worms were 
observed to be present in the population. These fish were 
used to determine if xr.duced sexual development of the host 
affected maturation of D. bullocki. Carp pituitary extract 
was homogenized and suspended in sterile 0.85% saline. Five 
 ^F. heteroclitus were injected with 1 ml. of this suspen­
sion at approximately 1 mg./Kg. dosage for three days. Five 
control fish were injected with 1 ml. of sterile saline alone. 
Two of the experimental fish ovulated on the fourth day after 
initiation of the injection. Five days after ovulation both 
fish were examined to determine developmental state of D. 
bullocki.
Description of Life History Stages 
Developmental stages of eggs and free living larvae 
are described from laboratory cultured material. Third and 
fourth stage larvae are described from experimentally
10
infected hosts. Immature and mature adults are described 
from naturally infected hosts. Drawings were made with the 
aid of a camera lucida or microprojector. All measurements 
are in micrometers unless otherwise stated. Numbers in 
parentheses are the means.
Results
Early Development
Fertilized eggs in gravid female D. bullocki were 
observed in 1 - 8 cell stages (fig.. 1). No development past 
an eight cell stage was observed in utero. Eggs were ellip­
tical, length 60.0 to 80.0 (67.7), breadth 30.0 to 52.5 
(40.8). Eggs expelled into cultures underwent rapid cleavage 
and larval development at 23° C. Cleavage and larval devel­
opment occurred more slowly at 13°, and was not observed at 
4° C. Cleavage and development occurred in all salinities 
at 13° and 23° except those at 50 0/00. No other variations 
in cleavage and larval development were noted that were due 
to salinity.
In cultures held at 23° C., blastulae were observed 
at 10 hours, gastrulae 15 and late embryos (fig. 1) at 47 
hours after initiation of culture. First stage larvae were 
observed in eggs at 65 hrs. (figs. 1 and 2). These larvae 
exhibited very little movement in the egg. First stage 
larvae were broken out of egg membranes by preparing wet 
mounts of the eggs, and applying gentle coverslip pressure 
which resulted in rupture of egg membranes and the release
Fig. 1. Cleavage stages of D. bullocki. (1) One 
cell stage. (2) Two cell stage. (3) Four cell 
stage. (4) Five cell stage. (5) Blastula.
(6) Gastrula. (7) Late embryo. (8) First stage 
larva.
u j u j q oO
Fig. 2. Larva and immature adult stages of D. bullocki.
(1) First stage larva. (2) Second stage larva. (3) Third 
stage larva. (4) Fourth stage larva. (5, 6) Immature 













of the larva. These larvae were delicate and many specimens 
were damaged during preparation. Very little movement was 
exhibited by these larvae after removal from the egg. Des­
cription of first stage larvae (based on 10 specimens): 
larvae were short, thick and undeveloped; length 225 to 
313 (264), maximum diameter 19 to 30 (24.7). Concentrations 
of cells were observed at the anterior, middle and posterior 
portions of the worm, and presumably these cell concentra­
tions are esophageal, genital and rectal primordia respectively 
(fig. 2).
The molt to second stage larvae occurred four days 
after initiation of culture at 23° C. This was confirmed 
when larvae, broken out of eggs, were observed under a com­
pound microscope. These larvae would rapidly arch back and 
forth and would quickly slough the first stage cuticle at the 
anterior and posterior ends. This occurred almost immedi­
ately after larvae were removed from the eggs.
Description of second stage larvae (based on 10 
specimens): Second stage larvae were longer than first stage
larvae; length 295 to 410 (363.5), maximum diameter 17.5 to 
35 (22.8). Portions of the esophagus and intestinal tract 
were observed, but were mostly obliterated by the dense cell 
concentrations. A concentration of cells near the middle of 
the larvae was observed and presumed to be the genital pri­
mordia. The rectum was viewed as a thin line surrounded by 
cells near the posterior end of the larvae (fig. 2). The 
second stage larvae exhibited more movement both inside the
14
egg and in wet mounts after they were removed from the egg.
A second molt to third stage larvae was observed 
seven days after initiation of culture. At seven days some 
larvae had already hatched, but most still remained in the 
egg. Those larvae still in the egg were broken out of their 
eggs and observed under a compound microscope. Sloughing 
of the first stage cuticle occurred as was observed pre­
viously, but in a few cases a second cuticle was cast off 
indicating the molt to third stage larvae had occurred.
Larvae which did not exhibit sloughing of two cuticles may 
have completely sloughed the first stage cuticle within the 
egg. Pieces of cuticle were often observed to remain in the 
egg after second stage larvae had been released. Subse­
quently, numerous larvae at this stage of development were 
examined and this sloughing of a second cuticle was again 
observed. It was not possible to obtain specimens still bear­
ing both the first and second stage cuticle.
Most larvae hatched eight days after initiation of 
culture. These larvae were presumed to be third stage 
larvae since two molts had been observed. These larvae were 
active and similar to the parasitic third stage larvae of 
D. bullocki. These free living larvae were capable of 
swimming, but most were observed in groups clustered in debris 
at the bottom of the culture dishes. These larvae exhibited 
a swaying motion with one end fixed at the bottom of the 
culture dish and the other end freely moving. This activity 
diminished as the cultures aged. Living larvae were still
observed in 33 day old cultures at both 23° and 13° C. A 
single culture (10 0/00 @ 13° C.) was observed to have 
living larvae 72 days after initiation of culture. At 13° C. 
blastulae gastrulae first larval and second larval stages 
were initially observed at 2, 3, 5, and 8 days respectively 
after cultures were started. Hatching occurred between 21 
and 33 days after culture initiation. The molt to third 
stage larvae was not observed at this temperature. No devel­
opment beyond a third stage larvae was observed in any 
culture.
Experimental Infections of Definitive Host
Larvae from eight day old cultures were infective to 
F. heteroclitus in all experimental series. These larvae 
were presumed to be in the third stage since molts to third 
stage larvae had been observed in seven day old cultures. 
Third stage larvae were recovered from Series I, II, and III 
fish; however, no development beyond a third stage larvae was 
observed in Series I and II fish. Third stage larvae were 
recovered from 55% of F. heteroclitus and had a mean worm 
burden of 2.2 in Series I. The last host was examined, and 
found to be infected 53 days after exposure. Third stage 
larvae were recovered from 50% of the fish and had a mean 
worm burden of 4.1 in Series II. Third stage larvae were 
recovered up to 168 days after infection in Series II.
Development of fourth stage larvae and one immature 
adult was observed in Series III fish. Stages of D. bullocki
16
were recovered from 82.9% of fish in Series III. Mean worm 
burden of all stages combined was 6.1. Third stage larvae 
were recovered from 81.4% of the fish. Mean worm burden of 
third stage larvae was 5.5. Fourth stage larvae were 
recovered from 21.4% of the fish. Mean worm burden of fourth 
stage larvae was 2.5. A single immature adult D. bullocki 
was recovered in one experimental fish (table 1).
Third stage larvae were recovered from 0.92 to 368 
days after infection. Description of third stage larvae 
(based on 25 specimens): length 375 to 600 (483.7), maxi­
mum diameter 20.0 to 36.0 (26.8); esophagus length 95.0 to 
205.0 (159.3), maximum width 10.0 to 20.0 (14.3); nerve ring 
65 to 85 (71.3) from anterior end; excretory pore 90 to 165
(141.3) from anterior end; genital primordia 175 to 290
(234.3) from anterior end; rectum 55 to 80 (67) from posterior 
end. These larvae possessed a double boring tooth, straight 
narrow cylindrical shaped esophagus, and a discrete genital 
primordium. The intestinal tract is complete and these 
larvae had undergone considerable development when compared 
with free living second stage larvae (fig. 2).
Up to four days after infection all third stage 
larvae were recovered from the intestinal lumen. These 
larvae usually were recovered from the anterior third of the 
intestinal tract. Third stage larvae never were observed 
attached to the intestinal mucosa (fig. 3). Five to seven 
days after infection, third stage larvae were recovered from 
both the intestinal lumen and wall. From eight to 362 days
Table 1
Site, Stage and Worm Burden of D. Bullocki in Series III 
Experimental Infection
DPI3 Host Host Ab Mb ?  Total All
Sex Lgth. 3rd 4 th 3rd 4 th 3rd 4th 3rd 4 th Stage
.92 M 3.5 cm 3* 2* 5 5
1 M 5.8 _ -
1 F 4.2 _ _
1 F 3.6 _ -
1 F 6.0 _ _
1 F 5.7 5* 2* 7* 7
1 M 4.4 1* 1 - 1
1 M 4.5 2* 1* 3 - 3
2 F 5.6 2* 2 - 2
2 F 5.1 12* 9* 2* 21 - 21
3 F 5.1 1* 1 - 1
3 F 5.5 4* 3* 7 - 7
4 M 5.1 1* 1* 1* 3 - 3
5 M 5.0 1* 1 - 1
5 F 4.5 1* 1 2 - 2
6 F 4.0 2*1 3 _ 3
6 F 5.2 7* 1* 8 - 8
7 M 5.0 6*5 4*3 18 - 18
8 F 5.5 3 3 - 3
9 F 4.8 5 1 1 7 - 7
10 F 5.3 2 3 1 6 - 6
11 F 4.6 4 1 1 6 - 6
15 M 4.7 3 1 1 3 2 5
15 M 3.7 4 4 - 4
16 F 5.5 2 2 - 2
21 H 5.4 10 5 1 16 - 16
25 H 5.5 9 3 12 - 12
30 M 4.1 4 2 4 10 - 10
35 F 6.9 6 3 1 9 1 10
















42 F 5.1 _
42 M 4.8 2 2 3**
48 M 4.6 1 4 1 5 1 6
52 F 5.8 1 1 2 - 2
52 M 4.9 1 1 - 1
58 F 5.8 17 1 18 - 18
61 F 5.8 1 1 2 - 2
70 F 5.6 - - -
75 F 5.2 11 11 - 11
77 F 5.0 4 4 • - 4
83 F 5.1 4 4 - 4
87 F 6.5 2 2 - 2
92 F 5.5 6 7 1 1 8 7 15
98 M 5.0 2 2 - 2
98 M 6.0 6 2 1 7 2 9
105 F 5.6 3 3 - 3
110 F 6.0 2 2 - 2
110 F 5.1 12 4 1 1 13 5 18
115 M 5.8 4 3 1 1 1 1 6 5 11
124 M 5.0 3 3 - 3
124 M 5.2 4 4 - 4
134 M 5.5 4 1 1 1 6 1 7
138 F 5.0 4 4 - 4
148 M 5.6 1 1 2 - 2
153 M 5.7 1 3 1 5 - 5
163 M 5.4 19 2 1 1 22 1 23
173 F 6.1 1 1 - 1
178 M 5.0 - - -
184 F 6.1 2 1 1 2 2 4
185 M 5.5 - - -
192 M 6.2 3 1 1 4 1 5
Table 1— Continued
DPI3 Host Host Ab Mb Pb Total All
Sex Lgth. 3rd 4 th 3rd 4th 3rd 4 th 3rd 4 th Stages
199 M 6.0 1 1 _ 1
222 F 6.3 1 3 1 3 4
245 F 5.0 - - -
245 F 5.6 1 4 1 1 5 6
361 M 4.6 - - -
361 F 5.5 '■ - - -
362 F 6.0 - - -
362 F 1 - 1 1
362 F 1 1 1 1 2
aDays post infection
bA = anterior intestine 
M = middle intestine 
P = posterior intestine
♦indicates worms recovered from lumen
“ one immature adult recovered from anterior intestinal lumen
Fig. 3. Live third stage larva on intestinal mucosa. 
Note that third stage larva is not attached to mucosa. 
63X
Fig. 4. Posterior end of fourth stage larva still 
bearing molted third stage cuticle. 606X
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after infection, all third stage larvae were recovered from 
the intestinal wall. These third stage larvae occurring in 
the intestinal wall also were more common in the anterior seg­
ment (table 1). These histozoic third stage larvae were 
observed to move freely in the intestinal wall when segments 
of intestine containing the larvae were observed under a 
compound microscope.
Fourth stage larvae occurred in experimental hosts from 
15 to 362 days after infection. Some fourth stage larvae were 
recovered still bearing the molted third stage cuticle (fig.
4). These larvae exhibited little movement when observed in 
segments of intestine under the compound microscope. Descrip­
tion of fourth stage larvae (based on 25 specimens): length
740 to 850 (809.5); maximum diameter 47.5 to 75 (56.8); esoph­
agus, length 190 to 220 (200.5); maximum width 27.5 to 40 
(34.0); excretory pore 170 to 210 (196.5) from anterior end; 
gonads 370 to 470 (405.5) from anterior end; anus 60 to 95 
(73.5) from posterior end. These larvae exhibited the typical 
cucullanid esophagus, with the mouth forming a dorsoventral 
slit. The intestinal tract is simple without diverticula. 
Phasmids were observed at the posterior end. A vulva could 
be observed in the presumptive female worms (fig. 2).
The single immature adult worm recovered was insuffi­
cient for description and consequently D. bullocki immature 
and adult worms are described from specimens collected from 
naturally infected hosts. Immature adult worms bore a collar 
surrounding the dorso-ventrally oriented mouth which contained
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fine rodlike structures (fig. 2). The adult worms also bear 
this structure. The dorsal intestinal caecum characteristic 
of the adult appears first in the immature adult stage. This 
stage was stout and annulations were evident on these worms.
All reproductive structures in mature adults were evident 
in the immature worms, but they were less developed. Immature 
adults bearing the sloughed fourth stage cuticle were recov­
ered from naturally infected fish (fig. 5).
Description of immature male (based on 25 specimens): 
length 950.0 to 1970 (1501.2); maximum diameter 82.5 to 180
(109.4); esophagus length 295 to 410 (363.7); excretory pore
332.5 to 472.5 (405.9) from anterior end; nerve ring 112.5 
to 167.5 (142.9) from anterior end; gubernaculum 50 to 72.5 
(60.7); spicules 275 to 650 (515.4); anus 65 to 125 (104.6) 
from posterior end. Spicules in immature worms were weakly 
developed. Most pre- and post-anal papillae were seen in 
this stage, but were relatively undeveloped when compared to 
mature males. A weakly developed pre-anal sucker was present 
(fig. 2) .
Description of immature female (based on 25 specimens): 
length 820 to 2050 (1456.0); maximum diameter 90 to 120
(110.4); esophagus length 300 to 410 (357.6); excretory pore
337.5 to 487.5 (402.1) from anterior end; nerve ring 95 to
172.5 (138.6) from anterior end; vulva 470 to 1350 (894.3) 
from anterior end; anus 80 to 130 (105.6) from posterior end 
(fig. 2) .
Although mature adult worms have been described by 
Stromberg and Crites (1972) , a brief description of the adults
Fig. 5. Immature adult still bearing molted fourth 
stage cuticle. 606X

collected from naturally infected F. heteroclitus, will be 
included here.
Description of mature adult male (based on 25 speci­
mens) : length 1700 to 2550 (2094.8); maximum diameter 90 to
155 (120.9); esophagus length 320 to 460 (393.6), maximum 
width 57.5 to 80 (67.5); excretory pore 382.5 to 517.5
(451.4) from anterior end; nerve ring 120 to 167.5 (149.6) 
from anterior end; gubernaculum 55.0 to 87.5 (68.5); spicules 
460 to 750 (670); anus 97.5 to 127.5 (110) from posterior end 
(fig. 6). Testes, papillae, preanal sucker as described by 
Stromberg and Crites (1972).
Description of mature adult females (based on 25 
specimens): length 1960 to 2900 (2569); maximum diameter 135
to 180 (158.3); esophagus length 390 to 525 (461.4); excre­
tory pore 425 to 600 (562.5) from anterior end; nerve ring 
140 to 200 (173.7) from anterior end; vulva 1210 to 2000 
(1548.8) from anterior end; anus 110 to 160 (136.9) from 
posterior end (fig. 6). Ovaries as described by Stromberg 
and Crites. Eggs usually in 1-4 cell stage, 8 cell stage 
rare. The vagina possessed a valvular structure immediately 
posterior to the vulva and a second valvular structure at its 
juncture with the uterus (fig. 6).
Invertebrate Experimental Hosts
No invertebrate experimental host was successfully 
infected with D. bullocki.
Fig. 6. Adult stage of D. bullocki.
(1) En face view. (2) Detail of vulva and associated 
structures of female. (3) Two cell stage of D. bullocki 
egg from gravid female. (4, 5) Male and female adult 
worm respectively at same scale.
■M m s^a^e^^asssm ssm ss^m s^sss^^ssms^mmsssmssBSiiBsss^ssssL.
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Experimental Ovulation of Definitive Host 
Two of five pituitary injected female P. hetero­
clitus ovulated, but these fish did not harbor stages of 
D. bullocki which had undergone more development than those 
specimens of D. bullocki in controls.
Discussion
Development of Eggs and Free Living Larvae 
The early development of eggs and free living larvae 
of D. bullocki is similar but not identical to that described 
for other Cucullanidae (Gibson, 1972; Le Van Hoa and Pham 
Ngoc Khue, 1967). Vessichelli (1910), Markowski (1966), and 
Janiszewska (1939) cultured free living larvae of Cucullani­
dae in attempts to experimentally infect potential hosts, but 
they did not describe these free living larvae in their 
studies. The only description with figures of both eggs and 
free living larvae of any cucullanid nematodes was given by 
Gibson (1972) for Cucullanus minutus and Cucullanus hetero- 
chrous. Le Van Hoa and Pham Ngoc Khue (1967) reported devel­
opment of free living first and second stage larvae of 
Cucullanus chabaudi, a parasite of Pangasius pangasius, Sil- 
uroidea, but did not include any description or figures of the 
larvae in the text.
Although cleavage up to eight cell stages had occurred 
in the eggs of D. bullocki in utero, eggs of C. minutus and
C. heterochrous were reported only to be in a single cell 
stage in utero (Gibson, 1972). Le Van Hoa and Pham Ngoc Khue
(1967) figured an egg with only a single cell stage from 
gravid females C. chabaudi, but did not indicate if that was 
the furthest point of development of the eggs observed in 
gravid female worms. The rate of development of D. bullocki 
eggs and free living larvae in culture is similar to those 
developmental rates reported for similar stages of other 
Cucullanidae (Gibson, 1972; Le Van Hoa and Pham Ngac Khue, 
1967). Eggs of both C. heterochrous and C. minutus after 
release from gravid females embryonated in sea water in four 
days and the larval nematodes hatched in seven days at 19° C. 
(Gibson, 1972). Eggs of C. chaubaudi embryonated in sea 
water in two days and hatched in 5-6 days at room temperature. 
Neither Gibson (1972) nor Le Van Hoa and Pham Ngoc Khue (1967) 
reported a molt to a third stage free living larva in their 
studies on Cucullanid life histories. Gibson (1972) assumed 
a molt occurred resulting in free living second stage larvae 
of C. minutus, but he had no evidence for this molt. However, 
he did observe the first stage cuticle being shed from the 
free living larvae of C. heterochrous, but he could not ascer­
tain whether the actual molt occurred inside the egg prior to 
or after hatching. Araujo (1971), commented on the difficulty 
of determining if a molt occurs while a nematode larva is in 
its egg. Gibson assumes a molt to the third stage larva 
occurs either prior to entering the definitive host, or imme­
diately after entering the definitive host for both C. 
minutus and C. heterochrous, since he always refers to the 
earliest stage of both species in the definitive host as third
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stage larvae. Gibson (1972) did state that the molt to the 
third stage larvae may occur in the free living state, but 
he had no evidence for occurrence of a molt to a third stage 
larva in either a free living or parasitic stage. Le Van 
Hoa and Pham Ngoc Khue (1967) observed the molt from first to 
second stage larvae of C. chaubaudi within the egg. Based on 
observations of naturally infected definitive hosts they 
suggest that the molt from second to third stage larvae 
occurs in the definitive host. No descriptions or figures of 
any larval stages of C. chaubaudi are presented by them, and 
therefore no comparison can be made to similar larval stages 
of D. bullocki. D. bullocki are similar to both C. minutus 
and C. heterochrous first and second stage larvae as described 
by Gibson (1972) . These three species have first and second 
stages which do not exhibit a great deal of development, and 
are characterized by dense concentrations of cells.
Experimental Infections 
This study has demonstrated the first successful ex­
perimental infection of a cucullanid nematode to its definitive 
host. Vessichelli (1910) postulated a life cycle for Dacnitis 
stelmiodes a cucullanid parasite of Petromyzon planeri. He 
suggested that the adult lamprey become infected with larval 
D. stelmiodes, die, and then ammocoetes larvae of P. planeri 
become infected with D. stelmiodes which develop to adults 
after the ammocoetes larvae feed upon carcasses of dead adult 
lampreys bearing the nematode larvae. Vessichelli (1910) did 
not demonstrate this experimentally. Since ammocoetes larvae
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feed by sweeping food particles into their mouths (Hubbs and 
Lagler, 1967), Vessichelli1s hypothesis appears weak. Ves­
sichelli (1910) reported infecting goldfish with larvae of 
D. stelmiodes, but does not give any details of the experi­
mental infection. No description or figures of these larvae, 
or comments on the development are presented. Shulman 
(1957), and Tornquist (1931) are both skeptical of Vessi- 
chelli's data. Janiszewska (1939), Markowski (1966), and 
Gibson (1972) attempted, but failed, to infect a number of 
potential intermediate host with cucullanid larvae. Le Van 
Hoa and Pham Ngoc Khue (1967) stated that second stage larvae 
of Cucullanus chabaudi were directly infective to the defini­
tive host Pangasius pangasius, based on observations in 
naturally infected fish, but they did not produce any exper­
imental evidence to support this hypothesis. They did however 
observe four molts for C. chaubaudi in their studies on free 
living larvae and parasitic stages from naturally infected P. 
pangasius. Mackenzie and Gibson (1970) did not discount the 
possibility of a direct cycle for C. minutus and C. heter­
ochrous. They placed presumably infective, free living 
larvae of C. minutus on excised pieces of flounder intestine 
and skin to determine if penetration would occur, therefore 
suggesting the possibility of direct infection. No penetra­
tion occurred. Mackenzie and Gibson (1970) stated that these 
negative results reduced support for the hypothesis of direct 
infection of Pleuronectes platessa. However, C. minutus may 
require a period of time in the definitive host's intestinal
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lumen prior to penetrating the intestine similar to that 
observed for infective larvae of D. bullocki. Le Van Hoa 
and Pham Ngoc Khue (1967) described a specific migratory 
pattern for C. chabaudi in the bile duct and gall bladder of 
the host concurrent with molting and development of the larval 
worms. The observations of specific sites and migrations of 
larval Cucullanidae in this and other studies (Gibson, 1972; 
Janiszewska, 1939; and Le Van Hoa and Pham Ngoc Khue, 1967), 
may suggest that the stages of development of Cucullanidae 
occurring in the definitive host exhibit specific site find­
ing behaviors concurrent with development.
The third stage larvae of D. bullocki from experi­
mental infections are similar to C. heterochrous and C. 
minutus described by Gibson (1972). D. bullocki were most 
similar to C. heterochrous since they both possess a double 
boring tooth. Unlike the third stage larvae described by 
Gibson, larvae of D. bullocki do not occur in cysts in the 
intestinal wall. However, fourth stage larvae of D. bullocki 
do occur in cysts in the intestinal wall. Fourth stage 
larvae of C. heterochrous and C. minutus moved freely in the 
intestinal wall. The stout bodied fourth stage larvae of D. 
bullocki were most similar to fourth stage larvae of C. 
minutus.
The absence of maturation of D. bullocki from experi­
mental infections cannot be attributed to a specific cause, 
although several possible causes for absence of maturation 
will be discussed:
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1. Requirement for an intermediate host
2. Nutritional requirements
3. Physiological state of the host
4. Duration of experimental infection
Although the requirement for an intermediate host has been 
demonstrated for numerous parasitic nematodes, intermediate 
hosts are not necessarily required for the completion of a 
nematode life cycle (Chitwood and Chitwood, 1952). The devel­
opment of fourth stage larvae and immature adult worms in 
experimentally infected F. heteroclitus identical to those 
observed in naturally infected F. heteroclitus would appear 
to rule out the requirement for an intermediate host. The 
lack of success in infecting potential intermediate hosts 
would also tend to support direct infection as the probable 
route of infection. Lack of proper nutritional requirements 
has been suggested as being responsible for lack of maturation 
in experimental infections in helminth parasites of fish 
(Schell, 1975). In Series III experimental infections, the 
Tetra-Min diet was supplemented with Ewos Salmon Food and 
Beef liver, and it was in fish from Series III that fourth 
stage and immature adult worms developed. Physiological state 
and/or developmental state of the host has been suggested to 
be extremely important to the development of parasites. Sex­
ual maturation of the host has been suggested to stimulate 
similar maturation of the parasite in a number of studies of 
helminth parasites of fishes (Stromberg and Crites, 1975; 
Platzer and Adams, 1967), but this phenomenon is difficult
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to demonstrate since sexual maturation of the host often 
corresponds with seasonal changes in weather such as the 
spring rise in water temperature. The duration of experi­
mental infection in Series III should have allowed enough 
time for development in the laboratory since D. bullocki in 
naturally infected F. heteroclitus were observed to come to 
maturity in less than one year (Section II).
Experimental Infections: Intermediate Hosts
The inability to infect suitable intermediate hosts 
is consistent with similar failures in other studies (Gibson, 
1972; Markowski, 1966; Janiszewska, 1939) to infect potential 
intermediate host with other species of Cucullanidae.
Experimental Ovulation of Host 
These experiments are inconclusive, but limited avail­
ability of Carp Pituitary extract did not allow further 
experimentation. A number of authors have suggested that the 
hormonal condition of the fish host has an effect on the devel­
opment of the parasite, and this is an important area for 
further study.
SECTION III
SEASONAL PERIODICITY AND SITE SPECIFITY OF 
DICHELYNE BULLOCKI ADULTS AND LARVAE IN 
NATURALLY INFECTED FUNDULUS HETEROCLITUS
Introduction
The population biology of Cucullanidae has been lim­
ited to work done on adult C. minutus by Janiszewska (1939) 
and on larval and adult C. minutus and C. heterochrous by 
Gibson (1972) and Mackenzie and Gibson (1970). There are 
occasional references to seasonal periodicity of other species 
of adult Cucullahidae (Tedla and Fernando, 1969), but the 
information on seasonal incidence and site specificity of 
Cucullanid adults and larvae is generally wanting.
This study of the population dynamics and site speci­
ficity of D. bullocki in naturally infected F. heteroclitus 
was initiated to complement experimental studies on the life 
history.
Materials and Methods 
Twenty-five Fundulus heteroclitus were collected 
monthly (June 74-September 75), from Johnson Creek, Durham,
New Hampshire, in order to study the population biology of 
adult and larval D. bullocki in its definitive host. Johnson 
Creek is a small tidal stream which is part of the Great Bay 
Estuary System. Salinity ranges of less than 1 0/00 up to
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8 0/00 and temperature ranges of 1°C - 29°C were recorded 
from Johnson Creek. F. heteroclitus were captured in a 
minnow trap baited with Purina Dog Chow or with a Common 
Sense Minnow Seine. The fish ranged in size from 2.0 to 8.9 
cm. Other species collected and examined from Johnson Creek 
were Anguilla rostrata (LeSueur, 1817), Fundulus majalis 
(Walbaum, 1792), Apeltes quadracus (Mitchill, 1815), Caster- 
osteus aculeatus, (L.), and Microgadus tomcod (Walbaum, 1792).
Fish were brought back to the laboratory, and those 
that were not examined immediately were held in a cold room 
at 13° C. F. heteroclitus were never examined more than one 
day after capture. F. heteroclitus were also examined from 
the following locations for incidence of D. bullocki; Con­
necticut - Long Beach (Stratford), Seaside Park (Bridgeport), 
West River (New Haven); Maine - Penobscott River (Lincoln- 
ville); New Hampshire - Carter's Brook Pond (Newington),
Durham Point (Durham), Lamprey River (Newmarket), Odiorne's 
Point (Rye), Rye Beach (Rye).
All F. heteroclitus were subjected to standard 
helminthological examination. Fish were killed by severing 
the spinal cord immediately posterior to the skull. Total 
length, sex and sexual state of each fish was recorded. Pre­
liminary examinations had indicated that the intestinal tract 
was the major site of infection with D. bullocki. A more 
detailed examination of this organ was done. Radial distri­
bution was determined from sectioned intestine and rectum. 
Crompton (1972) suggested that linear distribution of parasites
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along an intestine is best stated in terms of per cent dis­
tance along the alimentary tract, unless a distinct 
morphological feature is present. The intestinal tract of 
F. heteroclitus was divided accordingly. Cuillo (1967) had 
stated that the intestinal tract of F. heteroclitus could be 
divided into four distinct anatomical regions on the basis of 
histological studies. The only distinct gross morphological 
feature along the intestinal tract is the ileo-rectal sphinc­
ter, and this structure was used as a landmark for separating 
intestine and rectum. The intestine itself was divided into 
thirds. On this basis, the intestinal tract was subdivided 
for studies of linear distribution in the following manner:
The entire intestinal tract was removed intact from the 
esophageal to the anal sphincter, and placed in 0.85% saline. 
The rectum and intestine were separated by transection at 
the ileo-rectal valve. The intestine was then transected into 
equal anterior, middle, and posterior segments. Each segment 
was teased open longitudinally, spread flat and examined for 
parasites of the lumen. Then each segment was flattened 
between two microscope slides and examined for histozooic 
forms under a compound microscope at 100X.
D. bullocki found in the intestinal lumen were recov­
ered by teasing away the tissue they were attached to, and 
then transferring the parasites to 0.85% saline. Histozooic 
forms were removed from the tissue surrounding them by scrap­
ing away the mucosal tissue and then transferring these worms 
to 0.85% saline. All nematodes were fixed in hot 70% ethanol
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containing 10% glycerine and subsequently cleared by allow­
ing evaporation of the ethanol and addition of more glycer­
ine. Location, incidence, and intensity of all forms were 
recorded.
Statistical analysis of linear distribution of life 
history stages of D. bullocki in the intestine of F. heter­
oclitus was done with Chi Square. Student's t-test was used 
in analysis of morphological data. Differences were con­




Four developmental stages of D. bullocki were recov­
ered from naturally infected F. heteroclitus from Johnson 
Creek. These were third and fourth stage larvae, and immature 
and mature adults. Four thousand one hundred fifty-nine D. 
bullocki were observed during the sampling period. The per 
cent of each stage observed was 21.7 third stage, 49.5 fourth 
stage, 9.3 immature adult, and 19.5 adult. Although the popu­
lation structure varied seasonally, combined prevalence of 
all forms of D. bullocki never dropped below 9 6% in any 
monthly sample (table 2). Marked fluctuations in mean inten­
sity, mean worm burden, and prevalence were demonstrated by 
individual stages (figs. 7-10, table 2). A predominant 
stage of D. bullocki could be determined in any monthly sample. 
The predominant stage is defined here as that stage having
Table 2
Prevalence, Mean Worm Burden and Mean Intensity of 13. Bullocki Over 

















J 74 21° 24 2.5 (1-8) 0.4 (0-8) 12 1(1) .12(1)
J 26° 48 2 (1-4) .96(0-4) 20 1(1) .20
A 25° 100 5.04(1-17) 5.04(1-17) 4 1(12) .48(12)
S 15° 40 3.6 (1-12) 1.48(0-12) 92 4.3 (1-12) 4.0 (1.12)
0 8° 64 2.6 (1-10) 1.69(0-12) 100 6.2 (1-25) 6.2 (0-25)
N 7° 32 2.13(1-5) .68(0-5) 96 7.54(2-22) 7.24(0-22)
D 5° 32 2.12(1-8) .68(0-8) 96 8.17(1-44) 7.84(1-4)
J 75 1° 64 2.68(1-6) 1.72(0-5) 96 9.46(1-38) 8.84(0-38)
F 2° 76 5.10(1-35) 3.88(0-35) 96 10.79(1-38) 10.36(0-38)
M 5° 72 4.6 (1-15) 3.28(0-15) 100 12.16(1-45) 12.16(1-45)
A 9° 40 2.3 (1-5) .92(0-5) 96 10.45(1-44) 10.04(0-44)
M 18° 40 2.4 (1-5) .96(0-5) 48 2.6 (1-8) 1.24(0-8)
J 23° 44 2.09(1-7) .96(0-5) 76 2.63(1-12) 2.0 (0-12)
J 29° 92 7.83(1-35) 7.2 (0-35) 12 2.33(1-8) 1.12(0-8)
A 26° 92 10.96(1-60) 10.08(0-60) 28 3.42(1-13) 0.96(0-13)



















J 74 20 1.5 (1-2) .28(1-2) 100 6.96(2-21) 6.96(2-21) 100
J 44 1.7 (1-5) .76(0-5) 84 4.32(1-19) 3.8 (0-19) 96
A 20 1.2 (1-2) .24(1-2) 44 1.5 (1-4) .68(0-4) 100
S — — — 36 1.2 (1-2) .44(0-2) 96
0 4 1 (1) .04(0-1) 20 1.4 (1-3) .28(0-3) 96
N 4 2 (2) .08(0-2) 28 1.14(1-2) .32(0-2) 96
D — — — 12 1 (1) .12(0-1) 96
J 75 — — — 4 1 (1) .04(0-1) 100
F — — — — — — 100
M — — — — — — 100
A — — — — — — 100
M 100 11.4 (1-32) 11.4 (1-32) 4 13 (13) .52(0-13) 100
J 76 2.32(1-9) 1.76(0-9) 92 6.91(1-26) 6.36(0-26) 100
J 28 4 (1-10) 1.12(0-10) 72 3.56(1-13) 2.56(0-13) 100
A 20 1.6 (1-2) .32(0-2) 40 2.8 (1-5) 1.12(0-5) 100
S — — — 24 1.8 (1-4) .44(0-4) 100
u>
Fig. 7. Mean intensity of third stage larvae over 
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Fig. 8. Mean intensity of fourth stage larvae over 
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Fig. 9. Mean intensity of immature adults over 
month sampling period with 95% confidence limits
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Fig. 10. Mean intensity of adult worms over 16 month 
















greatest mean intensity, mean worm burden, and prevalence in 
any monthly sample. Mean intensity refers to mean number of 
worms for all fish, while mean worm burden refers to mean 
number of worms in infected fish only.
Third Stage Larvae
There were 1126 third stage larvae observed during 
the sampling period. Per cent prevalence, mean worm burden, 
and mean intensity ranged from 24-100, 2-10.96, and 0.40- 
10.08 respectively. The greatest number of third stage 
larvae observed in a single fish was 60 (table 2). This was 
the earliest developmental stage of D. bullocki recovered from 
F. heteroclitus. These larvae were identified by the presence 
of a double boring tooth, esophageal structure and size, and 
total length, in addition to comparisons with third stage 
larvae from experimental infections.
All third stage larvae occurred in the intestinal wall 
with the exception of one third stage larva recovered from 
the intestinal lumen in June 19 75. Third stage larvae were 
never observed in the rectum. Detailed examination of vis­
ceral organs, especially liver, gall bladder, and bile duct, 
as well as musculature never resulted in recovery, or ob­
servation of any larval stage of D. bullocki. Third stage 
larvae when viewed live in flattened intestinal segments 
exhibited active movement. In section they were found in 
the connective tissue that projects into the mucosal folds.
Although third stage larvae occurred in all monthly 
samples their predominant periods were August 1974, July 1975
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and August 1975. High degrees of infection with third stage
larvae were also recorded for September 1974, February 1975,
March 1974 and September 19 75. The third stage larvae did
not have a random linear distribution throughout the intes- 
2
tine 75.366) and there was no significant difference in
linear distribution of third stage larvae over time during
2their predominant and high infection periods = 1.9992).
During these predominant and high infection periods 74% of 
the third stage larvae occurred in the anterior intestine, and 
26% occurred in the middle and posterior intestine. A greater 
mean intensity of third stage larvae was recorded for the 
anterior intestine in all monthly samples (fig. 11). The 
anterior, middle, and posterior intestine had 72.4%, 23.8%, 
and 3.8% of third stage larvae over the entire sampling 
period (fig. 12).
Fourth Stage Larvae 
There were 2058 fourth stage larvae recorded for the 
entire sampling period. Per cent prevalence mean worm burden, 
and mean intensity ranged from 4-100, 1-10.79, and 0.42-10.36 
respectively. The greatest number of fourth stage larvae 
observed in a single fish was 45 (table 2). This was the 
most commonly encountered form of D. bullocki seasonally, and 
was predominant for nine months of the sampling period, dom­
inating the D. bullocki population from fall to spring (fig. 8). 
This stage was identified by the presence of the typical cucul- 
lanid esophagus, and dorso-ventrally elongate buccal opening.
Sex of this stage could be determined by presence or absence
Fig. 11. Mean intensity of third stage larvae with 
95% confidence limits in each segment of intestine 
parasitized per month. A = anterior intestine,
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occurring in each segment of the intestinal tract 
over the entire sampling period. A = anterior 
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A distinct radial distribution was exhibited by- 
fourth stage larvae. In section, most larvae were observed 
in lesions in the submucosa of the intestine between the 
bases of the mucosal folds. When observed live in flattened 
segments of the intestine under a compound microscope, they 
were relatively inactive. A plug of intestinal tissue was 
often seen in the buccal cavity of these larvae when ob­
served live or in flattened segments of fresh intestine, 
or in histological sections of the intestine or prepared 
slides. Waves of contraction could be observed in the 
esophagus of living animals, which were apparently feeding 
on the intestinal tissue. Fourth stage larvae appeared in 
the intestinal lumen in January 1975 and the percentage of 
larvae found in the lumen continued to increase (7.2-20.3) 
through April 1975. Most of these lumen forms were observed 
moving along the surface of the mucosa, but some were attached 
to it.
Fourth stage larvae occurred, but did not exhibit
an equal linear distribution in all segments of the intestine 
2
(}^gj = 1547) during their predominant periods. During this 
time 72% occurred in the anterior intestine, and 28% occurred 
in the middle and posterior intestine. There was no signi­
ficant change in linear distribution of fourth stage larvae 
2
with time (2£gj = 13.934). Over the entire sampling period 
72.4%, 24.6%, and 2.5% occurred in the anterior, middle, and 
posterior intestine respectively (fig. 12). A greater mean
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intensity of fourth stage larvae occurred in the anterior
intestine in all monthly samples (fig. 13). No linear
migration was demonstrated in the transition from third to
fourth stage larvae, since their linear distribution was not
significantly different during their respective predominant 
2
periods (X = 15.8b), and exhibited little difference over 
(11)
the entire sampling period (fig. 8).
Immature Adult 
There were 385 immature adults recorded over the study 
period. Per cent prevalence, mean worm burden, and mean inten­
sity ranged from 0-100, 1-11.4, and 0-11.4 respectively. The 
greatest number of this stage observed in a single fish was 
32 (table 2). This.was the rarest stage of D. bullocki 
encountered, and was predominant in only one monthly sample 
(May, 1975) . The presence of oral spines distinguished 
immature adults from fourth stage larvae. Immature males 
and females were significantly smaller than adult males 
(t(4s) = 9.9425) and females (t^g) = 12.234) respectively.
Males lacked well developed papillae and well developed 
copulatory spicules. Immature females lacked fertilized 
eggs and a well developed uterus.
Radial and linear distribution of immature adults was 
strikingly different from their larval precursors. Immature 
adults were usually observed attached to the intestinal and 
rectal mucosa but occasionally they were observed unattached 
and moving along the mucosal surface. This stage was observed .
Fig. 13. Mean intensity of fourth stage larvae 
with 95% confidence limits in each segment of 
intestine parasitized per month. A = anterior 
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in all segments of the intestine and in the rectum, but were
2
not equally distributed in all segments = 77.2). In
May 1975, 71.9% of the immature adult worms were found in the 
rectum. This was the only month for which a distinct site 
preference for the posterior intestine and rectum was ob­
served (fig. 14). In June 1975, almost equivalent per­
centages of immature adults occurred in the anterior intestine 
(31.8%) and rectum (27.8%). No significant difference in mean 
intensities of male and female worms was noted in May 1975
^  (48) = *
Adult
There were 589 adult worms observed in this study.
Per cent incidence, mean intensity, and mean worm burden of 
adult worms ranged from 0-100, 1-6.96, and 0-6.96 respec­
tively. A maximum of 21 adults were recovered from a single 
host (table 2).
The radial and linear distribution of adult D. bul­
locki were similar to that of the immature stage. Adult 
worms were usually observed attached to the mucosa, but were 
observed moving along the surface of the mucosa occasionally. 
The attached forms were observed to have a plug of mucosal 
tissue in their buccal cavity, and only twice was there any 
evidence of blood in the parasite's intestinal tract. On 
three occasions adult worms were recovered outside of the 
intestinal lumen. Twice in August 19 75 single male adults 
were found in an apparently moribund state encapsulated in 
the body cavity of both fish. In January 1975, five adult
Fig. 14. Mean intensity of immature adult with 95% 
confidence limits in each segment of intestine 
parasitized per month. A = anterior intestine,
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worms were found dead, and encapsulated in the intestinal 
wall.
Adult worms did not have an equal linear distribution
throughout the intestinal tract during their predominant
periods, which were June 1974, July 1974, and June 1975 
2
(^ 2) = 73.05). Seventy-seven per cent of the adult worm 
population was observed in the rectum during the predominant 
period. Although the linear distribution of adult worms was 
not similar throughout their predominant period, the mean 
intensity of adult worms was always higher in the rectum than 
in the intestinal segments (fig. 15). The anterior, middle, 
and posterior intestine, and rectum contained 2%, 4%, 16.1%, 
and 77.9% of the entire adult worm population respectively 
over the entire sampling period (fig. 12). Although the 
posterior intestine and rectum were not subdivided further, 
it was noted that most adult worms recovered from these seg­
ments were concentrated along the ileo-rectal sphincter.
Population Dynamics, Growth, and Maturation
The major recruitment of D. bullocki into the F. 
heteroclitus population occurs when third stage larvae become 
the predominant stage in mid-summer (fig. 7). This recruit­
ment of third stage larvae occurs shortly after the predom­
inant period of the mature adult worms in June (fig. 10).
During the prevalent periods of adult worms, clusters of eggs 
of D. bullocki were observed in the fecal material of F. heter­
oclitus and were presumed to be recently released from gravid 
female worms. The third stage larva, noted as the predominant
Fig. 15. Mean intensity of adult with 95% confidence 
limits in each segment of intestine parasitized per 
month. A = anterior intestine, M = middle intestine, 
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stage one month earlier, rapidly developed into fourth stage 
larva in September as evidenced by the presence of fourth 
stage larvae bearing molted third stage cuticles in the Sep­
tember samples. There was continual, but reduced recruit­
ment of D. bullocki third stage larvae through fall and early 
winter with an apparent increase in recruitment in late win­
ter (fig. 7).
Fourth stage larvae recovered in September 1974 were 
only slightly larger than third stage larvae recovered one 
month earlier. These fourth stage larvae had a mean length 
of 659 urn while those recovered in April 19 75 had a mean 
length of 885 um. This was a significant difference in total 
length (t^^) = 6.1499) suggesting that growth of fourth 
stage larvae had occurred over the period from September 1974 
to April 1975. A steady increase in mean intensity of fourth 
stage larvae was observed from September 1974 to March 1975 
with a slight drop in April 1975 (fig. 8). No striking devel­
opmental changes were observed in fourth stage larvae over 
this period.
Immature adult D. bullocki bearing molted fourth 
stage cuticles were recovered in May 1975. Preliminary stud­
ies had indicated that immature adults were also the predom­
inant form in May 1974. The rapid and essentially synchron­
ous transition of fourth stage larvae to the immature adult 
form corresponded with the spring rise in water temperature 
(table 2), and the onset of the sexual cycle of the host.
Male F. heteroclitus in spawning colors, and gravid female
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F. heteroclitus were observed May through August in Johnson 
Creek. Considerable growth had occurred in this stage, since 
fourth stage larvae recovered in April 1975 had a mean length 
of 885 uni while immature adults recovered the following month 
had a mean length of 1510 urn for males and 1490 urn for females. 
There was no significant difference in mean length of male and 
female immature adult worms recovered at this time
(t(48) = °-45175)-
Adult worms occurred in one fish in the May 1975
sample, although their peak incidence and intensity were not 
realized until June. Continued growth occurred from the 
immature adult stage with female worms having a mean length 
of 2569 urn and male worms having a mean length of 2150 urn. 
Female worms were significantly longer than male worms 
(t{48) = 5.572). Adult worms persisted in the population 
through January (fig. 10). However, after August mean worm 
burdens of one worm were usually the case, and although adult 
female worms possessing well developed reproductive struc­
tures were recovered, they did not possess fertilized eggs.
The population dynamics of D. bullocki in the F. 
heteroclitus population at Johnson Creek can be summarized 
as follows: Infective third stage larvae enter the host
population in mid-summer, followed by rapid transition into 
fourth stage larvae. Reduced, but constant recruitment of 
third stage larvae continues through fall, winter and early 
spring, but the prevalent form during this period is the 
fourth stage larva. The molt to immature adult occurs in the
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spring. This form is of extremely short duration, and rapidly 
develops to the adult stage in late spring and early summer. 
Adult worms are short lived, and do not persist in any sig­
nificant numbers past late summer.
Geographic Distribution and 
Intraspecific Variation
D. bullocki were recovered from F. heteroclitus from 
all collecting sites except Carter's Brook Pond. The southern­
most collecting site of F. heteroclitus that harbored D. bul­
locki was at Long Island Sound at Seaside Park in Bridgeport, 
Connecticut, and the northernmost collecting of F. hetero­
clitus that harbored Dj_ bullocki was the Penobscott River 
at Lincolnville, Maine.
Various morphological characteristics of pooled adult 
specimens of D. bullocki from a number of collecting sites in 
Connecticut were compared to those specimens collected at 
Johnson Creek. Both sexes of D. bullocki from Connecticut 
were significantly larger than those from Johnson Creek 
(table 3). Males demonstrated significant differences in 
seven of 10 parameters, while females had significant dif­
ferences in eight of 12 parameters (table 3).
Host Specificity
No other fish species recovered from Johnson Creek 
harbored adult cucullanids. A single Microgadus tomcod 
harbored one larval cucullanid, but loss of the specimen pre­
vented any specific identification. A single F. majalis of 
three examined from the Lamprey River harbored three D.
Table 3
Comparison of Mean Size of Adult D. Bullocki from N.H. and Ct. 
(All measurements in micrometers)
Males Females
N.H. Ct. t value N.H. Ct. t value
Length 2177.20 2971.60 4.8339* 2569.8 3951.2 8.341*
Maximum
Diameter 120.90 176.60 6.7715* 159.1 217.31 6.784*
Esophagus
Length 395.60 448.00 4.915* 525.0 590.0 5.8412*
Esophagus
Diameter 67.5 89.00 7.533* 90 130 7.797*
Mouth 82.3 98.40 7.456* 100.6 101.0 0.1664
Nerve Ring 
(from anterior end) 149.60 161.2 2.0999 171.4 173.7 0.5562
Excretory Pore 
(from anterior end) 451.38 495.84 2.4213* 526.36 603.52 5.325*
Spicule 642.70 711.60 1.616 — — —
Anus (from 
posterior end) 132.78 139.68 0.19984 136.84 150.28 2.2791*
Gubernaculum 70.840 78.90 2.1883* — — —
Egg (maximum D) — — — 62.18 67.72 3.025*
Egg (minimum D) — — — 40.36 40.78 0.313
Vulva (from 
anterior end) __ __ 1548.8 2449.2 8.7268*
*Significant difference at .05 level with 48 degrees of freedom.
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bullocki (two females, one male) in the posterior intestine, 
but no larval forms were observed. Five F. majalis from 
Crommet Creek, and one from Johnson Creek were negative for 
adult and larval Cucullanidae.
Other Parasites 
Proteocephalan plerocercoids, and Homalometron palli­
dum were the only other living Helminth parasites recovered 
from the intestinal lumen of F. heteroclitus from Johnson 
Creek. They had a prevalence of 9% and 4.5% respectively.
There were three dead Pomphorhynchus sp. found attached to 
the intestinal wall of one F. heteroclitus, but they had 
degenerated too far to ascertain their state of development. 
Myxobolus sp. and Eimeria sp. also occurred in the intestinal 
tract. Parasites recovered which occurred in organs other 
than intestinal were Neoechinorhynchus sp. (liver), Kudoa 
funduli (optic nerve and brain of one Fundulus) and Eustron- 
gylides sp. (body cavity). The Fundulus parasitized by K. 




A seasonal cycle was first reported for cucullanid 
nematodes by Janiszewska (1939), based on a study of Cucullanus 
minutus, a parasite of Platichthys flesus. A more detailed 
study was made of the population biology of C. minutus, and 
additionally C. heterochrous, also a parasite of P. flesus,
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from British waters by Gibson (1972). Site specificity of
C. minutus and C. heterochrous in P. flesus was studied by 
Mackenzie and Gibson (1970). C. heterochrous from the White 
Sea have been reported to have seasonal cycles (Dogiel, 1964). 
No detailed study has yet been published on the population 
biology of a cucullanid nematode from North America although 
seasonal incidence has been reported for Dacnitoides eotylo- 
phora a parasite of the yellow perch by Tedla and Fernando
(1969).
Kennedy (1970) in reviewing population biology of 
helminth parasites in British fresh water fish proposes a 
model for describing their population dynamics. A distinction 
is made between seasonal maturation and seasonal incidence 
cycles, although all species which exhibit seasonal inci­
dence have seasonal maturation. A second important consid­
eration of Kennedy's is the rate of flow of a parasite through 
the host population, which is described in terms of parasite 
input versus parasite output. Input is governed by avail­
ability of infective larvae, and feeding habits of the host. 
Output is governed by failure of parasites to establish, 
rejection of established parasites, and natural mortality. 
Stromberg and Crites (1975), in one of the most detailed and 
interesting studies on the population biology of a nematode 
parasite of fish, and Cannon (1973) have utilized this 
approach in evaluating freshwater host-parasite systems. It 
appears equally applicable to estuarine systems, and shall be 
employed with respect to D. bullocki.
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Seasonal Maturation
It is evident that D. bullocki exhibits a seasonal 
maturation cycle which is completed in 12 months. This is 
demonstrated by the sequential changes in mean intensities 
and in incidence of successive developmental stages (fig. 7- 
10; table 2). The slight variation in combined incidence 
categorizes D. bullocki as a parasite that lacks variation 
in year round incidence, but exhibits seasonal maturation, 
which is one of the three categories of maturation patterns 
of fish parasites described by Kennedy (1970) . The constant 
incidence is due primarily to the rapid recruitment of infec­
tive third stage larvae into the host population soon after 
the death of the adult worms. This period of initial recruit­
ment of infective larvae, and death of adult worms is the 
only time the D. bullocki population is in dynamic equili­
brium. A pattern similar to this has been described for 
Camallanus oxycephalus in White Bass from Lake Erie (Strom- 
berg and Crites). However D. bullocki is not in dynamic 
equilibrium as has been reported for other host parasite 
systems (Kennedy, 1974).
Gibson (1972) suggested that water temperature 
governs maturation of C. minutus in flounder. He supported 
his suggestion by demonstrating that maturation of C. minutus 
occurred later in the year in areas where seasonal water 
temperatures were generally lower. D. bullocki has a seasonal 
cycle similar to that of C. minutus. Temperature may also be 
the controlling factor governing the maturation of D. bullocki,
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since maturation and most growth occur with the spring rise 
in water temperature. However this hypothesis has not been 
supported experimentally.
The effect of host hormones on symbiont maturation 
has been shown in mutualistic and parasitic relationship 
(Cleveland, 1955; Stunkard, 1959). Sexual cycles of fish 
host has been suggested as stimulating maturation of their 
parasitic nematodes (Platzer and Adams, 1967; Stromberg and 
Crites, 1975). No experimental evidence appears in the lit­
erature to support this hypothesis, although Platzer and 
Adams (1967) indicated that they were working in this direc­
tion. The maturation of D. bullocki occurring coincidentally 
with the sexual cycle of F. heteroclitus suggests that the 
hormonal state of the killifish may in some way effect the 
-maturation of this nematode. However, limited experimental 
evidence does not support this hypothesis (Section II).
The effect of increasing water temperature, and the 
effect of sexual cycle of F. heteroclitus on maturation of
D. bullocki are extremely difficult to separate, since it has 
been reported that gametogenesis in male F. heteroclitus is 
strictly temperature dependent (Burger, 1939). Michel (1970) 
has suggested that the timing of the development of an 
arrested nematode larvae is important in synchronizing the 
availability of infective larvae to a new generation of 
potential hosts. He further stated that strong selection 
pressure acts against those nematodes with short-lived adult 
stages that mature at the wrong time. Regardless of the
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timing mechanism, D. bullocki matures at a time when it can 
disperse a new generation of infective larvae when they can 
be optimally available to a new generation of hosts. Gibson 
(1972) noted that the timing of infection of Platichthys 
flesus with C. minutus and C. heterochrous coincided with 
the spawning migration of the flounder. He suggested that 
the timing of this nature allowed for infection of small non­
migrating flounder with C. minutus, and larger migrating 
flounder with C. heterochrous.
Developmental Stages
The third stage larvae of D. bullocki is the infec­
tive stage. The major recruitment period of this stage 
(fig. 7) into the F. heteroclitus in midsummer is attributed 
to the presence of adult worms in the population 1-2 months 
earlier (fig. 10). Fertilized eggs of D. bullocki can 
develop to infectivity well within this time period (Section 
II). The rapid recruitment of third stage larvae into the 
host population would support the evidence for direct infec­
tion since no time is spent in an intermediate host. However, 
Stromberg and Crites (1975) reported a similar rapid recruit­
ment of infective larvae of C. oxycephalus which utilized a 
copepod intermediate host as well as a paratenic fish host.
The continued but reduced recruitment of third stage 
larvae into the killifmsh population through the winter 
(fig. 7) suggests that they can live longer in nature than 
has been shown experimentally (Section II). This continual 
recruitment of third stage larvae also explains the steady
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increase of fourth stage larvae throughout this period (fig.
9). The apparent late winter increase in mean intensity of 
third stage larvae does not appear to be the result of an 
increase in recruitment. Since there was only a small number 
of adult worms present in the population after their predom­
inant period and therefore not producing infective larvae, 
it is not likely that this increase in third stage larvae is 
due to an increased availability of infective larvae. A 
change in feeding habits of F. heteroclitus is not likely to 
increase recruitment, since F. heteroclitus are relatively 
inactive in winter (Bigelow and Schroeder, 1953). A more 
likely explanation for this increase in intensity is a reduced 
rate of development to fourth stage larvae due to low water 
temperatures and a resultant accumulation of third stage 
larvae.
The concentration of third stage larvae in the anter 
rior intestine corresponds to the mode of infection experi­
mentally demonstrated (Section II). Gibson (1972) noted a 
similar concentration of Cucullanus third stage larvae in 
the anterior intestine of the flounder, but did not report 
intensities of these larvae. Le Van Hoa and Pham Ngoc Khue 
(1967) reported that Cucullanus chabaudi undertake a specific 
developmental migration involving the biliary system of its 
host Pangasius pangasius prior to occupying a site in the 
intestine. Infective larvae of the camallanid nematode 
Camallanus oxycephalus, demonstrate marked behavioral changes 
in the presence of bile (Stromberg and Crites, 1974). No
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similar change has been observed in response to the bile of 
the definitive host for D. bullocki. The maintenance of an 
anterior position in the intestinal lumen in the early stages 
of infection suggest that these larvae are selecting a site 
(Section II), although the factors leading to site selection 
are not known.
Fourth Stage Larvae 
The steady increase in intensity and worm burden over 
the winter, similarity in distribution to third stage larvae, 
and slow growth rate suggest that the fourth stage larva is a 
resting stage. Although there is a constant, but reduced, re­
cruitment of third stage larvae into the killifish population, 
the rate of flow through the host population has essentially 
eased. The only output of D. bullocki would have to occur as 
mortality of the fourth stage larvae, but the accumulation of 
fourth stage larvae (fig. 8), and absence of dead and dying 
larvae do not suggest any significant mortality. Gibson (1972) 
does not describe an accumulation of C. minutus or C. hetero­
chrous, but his data do not include any records of worm burden. 
Furthermore, his records of incidence are difficult to interpret, 
because the highest incidence of larval worms is always lower 
than the highest incidence reported for adult worms indicating 
that larval worms were missed in his examinations. However, 
Gibson (1972) does report an increase in incidence of fourth 
stage larvae of both species of Cucullanus studied. The ab­
sence of a linear migration of fourth stage larvae in the intes­
tinal wall during their prevalent periods, and slow rate of
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growth would suggest that they would place a minimal amount 
of stress in the host. It is obvious that a non-migrating 
larva would only produce localized tissue damage in the host. 
A slow growing larva would place little nutrient demand on 
its host. Stromberg and Crites (1975) have suggested that 
in parasites which have limited dispersal periods dependent 
on a short period of annual reproduction, it would be bene­
ficial to the parasite to put as little stress on the host 
as possible. It does not appear that the encapsulation of 
fourth stage larvae of D. bullocki is a host evolved mechan­
ism to limit migration, since there is evidence that fourth 
stage larvae can move out of the intestinal wall, and into 
the lumen. Third stage larvae of both C. minutus and C. 
heterochrous were encysted (Gibson, 1972), unlike D. bullocki 
third stage larvae, but encystment of these larvae occurred 
during the coldest periods of the year similarly to fourth 
stage larvae of D. bullocki. The early migration of fourth 
stage larvae into the lumen may be the result of early devel­
opment. Although high intensities of parasitism have been 
shown to alter the distribution of a parasite (Kennedy, et 
al., 1976), it does not appear to be the case for those 
fourth stage larvae found in the lumen since they were found 
in instances of high and low infections.
The similarity of the linear distributions of third 
and fourth stage larvae, and similarity in linear distribu­
tion of fourth stage larvae suggest that although a distinct 
site preference is shown for the anterior intestine, a
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relatively stable percentage of the fourth stage larval 
population are found in the middle and posterior intestine. 
This does not appear to be related to a crowding phenomena 
since in such a situation it would be expected that the 
anterior intestine would attain its carrying capacity and 
over time fourth stage larvae would increase in the middle 
and posterior intestine.
Immature Adult 
The most striking non-morphological difference between 
the immature adult and fourth stage larvae is the change in 
linear distribution. The presence of fourth stage larvae in 
the lumen strongly suggests that at least some of the fourth 
stage larvae undergo the transition to immature adults in the 
intestinal lumen. Gibson was unable to ascertain where the 
molt to immature adult from fourth stage larvae occurred for 
either C. minutus or C. heterochrous. Cucullanus chabaudi 
immature adults do not have a site different from that of its 
third or fourth stage larvae (Le Van Hoa and Pham Ngoc Khue, 
1967). A second inference about the presence of the fourth 
stage larvae can be made with respect to immature adult worms. 
The concentration of fourth stage larvae, and recovery of 
immature adults ensheathed in the molted fourth stage cuticle 
suggest that the immature adult makes the maturational migra­
tion to the posterior intestine and rectum. A similar post- 
eriad maturational migration has been reported for Camallanus 
oxycephalus (Stromberg and Crites, 1975).
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The extremely rapid rate of growth of immature adults 
indicates that a considerable amount of nutrient material is 
being procured from the host tissue, since immature adults 
appear to feed on the mucosa. Cuillo (1967) suggested that 
the principle absorption of nutrient material in the intes­
tine of F. heteroclitus occurs in the area directly anterior 
and posterior to the ileo-rectal valve. It would be tempt­
ing to speculate that the relationship between the site 
specificity of immature and mature D. bullocki may be a result 
of the nutrient absorptive function of the posterior intes­
tine, but thus far the relationship is only circumstantial. 
However it is interesting to note that another cucullanid 
Bulbodacnitis ampullostoma, a parasite of Rainbow Trout, 
exhibits a site preference for the pyloric caeca which con­
stitute an area of lipid absorption, and the presence of this 
nematode in the pyloric caeca may inhibit lipid absorption 
and growth (Hiscox and Brocksen, 1973).
Adult
The linear distribution of adult D. bullocki is 
similar to that described for adult C. heterochrous by 
Mackenzie and Gibson (19 70). However there is not a similar­
ity in radial distribution since C. heterochrous feed on gut 
contents and D. bullocki feed on the intestinal mucosa. The 
only time D. bullocki were observed to alter their radial or 
linear distribution were in hosts that had been dead for an 
extended period of time. These worms were unattached and 
moving throughout the gut contents. Mackenzie and Gibson
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(1970) observed fluctuations in linear distribution of adult 
C. heterochrous and C. minutus upon starvation of the host. 
Adult D. bullocki were not observed to undergo similar migra­
tions, although controlled experiments were not carried out 
to test for such migration.
The concentration of adult worm serves to enhance 
contact between potentially mating worms. Camallanid nema­
todes of fishes have a posterior site in the fish intestine, 
which appears to have a dispersal function since the gravid 
females are often observed projecting from the anus of the 
fish host in order to release their larvae (Stromberg and 
Crites, 1975). The posterior position of gravid females may 
allow for a rapid output of fertilized eggs from the host 
alimentary tract, and to the surrounding environment. This 
rapid output of eggs would seem to be more critical to a 
parasite which has an infective larva which enters the defin­
itive host population relatively rapidly such as D. bullocki. 
C. minutus which has a long period of time between dispersal 
and infection(Gibson, 1972) exhibits a site preference for 
the anterior intestine of its flounder host.
The higher intensities observed for fourth stage 
larvae in contrast to adults (fig. 8 and 10) suggest that 
there is rapid mortality of the adult population. Stromberg 
and Crites (1975) observed a similar higher worm burden of
C. oxycephalus larvae than adults, and suggested that there 
may have been a temperature dependent immune response of the 
fish, or a density dependent inhibition of development to the
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next stage occurring. Kennedy and Walker (1969) suggested 
that Caryophyllaeus laticeps populations are regulated by a 
temperature dependent host immune response. The summer rise 
in water temperature may certainly stimulate an immune 
response to D. bullocki, since it has been well documented 
that fish immune responses are optimal at higher water tem­
peratures (Snieszko, 1953). The strong encapsulation response 
to adult worms found in the intestinal wall or body cavity 
demonstrates that F. heteroclitus is capable of an immune 
response to living adult worms. The possibility of feedback 
inhibition as suggested by Stromberg and Crites (1975) cannot 
be discounted either, since fourth stage larvae, and immature 
adults were found in F. heteroclitus while the adult worms 
were prevalent. Density dependent inhibition of larval 
nematodes is a well described phenomena in mammalian hosts 
(Michel, 1974). Stromberg and Crites (1975) have suggested 
that the existence of a density dependent mechanism which 
limits the worm population prevents host mortality due to 
heavy infections. Crofton (1971) in his definition of para­
sitism states that heavily infected hosts are killed by their 
parasites, but Stromberg and Crites (1975) have pointed out 
that infections may not be allowed to reach that height. 
Pennycuick (1971) in her work on the parasites of Gaster- 
osteus aculeatus was able to demonstrate mortality in those 
sticklebacks that were heavily infected with larval Schisto- 
cephalus sp. and Diplostombum sp. This phenomenon was not 
observed for those parasites such as Echinorhynchus clavula
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which attained maturity in the stickleback. It would appear 
that definitive fish host-parasite systems have to be examined 
more carefully with regard to whether or hot infections heavy 
enough to kill the host are allowed to develop, for in mam­
malian host-parasite systems regulatory mechanisms on parasite 
intensity have been described. It seems reasonable that in 
cases where there is a high number of larvae accumulated in 
a fish host, there would be strong selection pressure for 
regulatory mechanism that allows for a maximum number of 
parasites to attain maturity without killing the host, and 
thereby optimize dispersal of infective larvae.
Geographic Distribution and 
Intraspecific Variation
Gibson (1972) on the basis of his own collections and 
other literature has suggested that the geographic distribu­
tion of C. minutus was governed by water temperature. He 
suggested that in areas that had year round low water temper­
atures, the annual cycle of C. minutus could not be completed 
even though the hosts were present. Although D. bullocki has 
been collected as far north as Lincolnville, Maine, Bullock 
(personal communication) did not recover them from F. heter­
oclitus , from Cobscook Bay in Maine. Dickinson and Threlfall 
(1975) did not report D. bullocki from insular Newfoundland.
The absence of D. bullocki in the Northern range of F. heter­
oclitus may also be due to the colder seasonal temperatures, 
but any further support of this hypothesis would require 
experimental evidence in addition to extensive examinations
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of F. heteroclitus for D. bullocki throughout the host's 
range. Stromberg and Crites (1972) report that D. bullocki 
occur as far south as North Carolina and Bullock (personal 
communication) has recovered D. bullocki from F. heteroclitus 
as far south as Florida.
The variation in size between D. bullocki from New 
Hampshire and D. bullocki from Connecticut suggests that 
there may be a difference in morphology over the distribution 
of the host. This would have to be substantiated by collec­
tion and examination of D. bullocki over its range.
Host Specificity 
The Cucullanidae have some species which are extremely 
host specific and other species which do not appear host 
specific (Campana-Rouget, 1957). The occurrence of D. bul­
locki in Fundulus majalis is therefore not considered unusual. 
It is not likely that D. bullocki is found in other species 
of fish since fish captured in the same habitat as F. heter­
oclitus infected with D. bullocki in New Hampshire did not 
contain adult D. bullocki.
Other Parasites 
Although other helminths were found in the intestine 
of F. heteroclitus, their incidence was too low to comment 
on the presence or absence of interspecific competition. None 
of the helminth parasites recovered from F. heteroclitus are 
new species or new host reports.
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Whether the Kudoa funduli found in the "pug-headed" 
Fundulus produced this condition, or was coincidental has 
not been determined. Pugheadedness is believed to be a 
genetic condition (Sinderman, 1970), although reports appear 
in the literature suggesting that it may be due to parasit­
ism (Muller, 1972).
SECTION IV
Pathology of Dichelyne Bullocki in 
the Definitive Host
Introduction
The histopathology of cucullanid nematodes was first 
studied by Janiszewska (1939). Hiscox and Brocksen (1973) 
reported that the cucullanid Bulbodacnitis ampullostoma 
inhibits lipid absorption in its trout host. No other refer­
ences to pathology of Cucullanidae were found in the litera­
ture. Margolis (1970) pointed out the general lack of 
information concerning the pathology of nematodes in their 
fish hosts, and emphasized the need for expanded research in 
this area.
D. bullocki provided a unique opportunity to investi­
gate the histopathology of a Cucullanid since a detailed 
study of the normal histology of the host intestinal histology 
existed (Cuillo, 1967). This Bullock (1963) pointed out as a 
necessity prior to describing pathological effects of a 
parasite.
Materials and Methods
Fundulus heteroclitus were collected from Crommet 
Creek, Durham, New Hampshire for histological studies of the 
pathology of three developmental stages of D. bullocki. 
Pathology of third and fourth larval stages, and the adult
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worms was examined. Fish collected for this study were held 
in the laboratory for two days at 13° C. to allow clearance 
of the intestinal contents, Fish were sacrificed by severing 
the spinal column. The entire intestinal tract was dissected 
out of the fish and placed in 0.85% saline. Segments bearing 
stages of D. bullocki were removed and placed in appropriate 
fixatives. Fixatives employed for light microscopy were 10% 
Neutral Buffered Formalin, Bouin's, Calcium Formalin, and 
85% acetone. All fixation was at 4° C. Tissue was embedded 
in paraplast and cut at 7 microns. The following staining 
techniques were employed: Alcian Blue pH 2.5, Aldehyde
Fuchsin, Chrome Alum Gallocyanin, Gomori's Trichrome, Dela- 
fields. Hematoxylin and Eosin, Oil Red O, PAS, and Piero 
Ponceau. Acid phosphatase activity was demonstrated util­
izing the technique of Bitensky (1963). Alkaline phosphatase 
activity was demonstrated utilizing a modified Gomori Tech­
nique (Bullock, 1958). Macrophages were identified by 
injection of F. heteroclitus with colloidal trypan blue 
followed by subsequent histological preparation and counter- 
staining with carmalun (Chaichairn, 1965).
Limited electron microscopy was done on the cysts con­
taining fourth stage larvae. Cysts were dissected out, 
trimmed to 1-3 mm, fixed in Millonigs buffered (pH 7.5) 3% 
glutaraldehyde, post fixed in Millonigs buffered (pH 7.5)
1% osmium and embedded in Epon. Sections were cut on Porter 
Blum MTI microtome with glass knives. Sections for electron 
microscopy were double stained with uranyl acetate and
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Reynolds lead citrate. Thick sections for light micros­
copy were stained with 1% toluidine blue.
Results
Third stage larvae occurred primarily in the anterior 
intestinal wall beneath the mucosal layer. These larvae when 
viewed live in freshly dissected portions of host intestinal 
tissue moved easily within the submucosal tissue. Little 
host tissue response was observed to third stage larvae 
however, macrophage cells were demonstrated in proximity to 
them suggesting an inflammatory response (fig. 16). No sig­
nificant mechanical disruption was produced by third stage 
larvae.
Fourth stage larvae occurred primarily in the anterior 
intestinal wall in the mucosal folds (fig. 17). Although one 
larva was usually observed in a fold, occasionally two or more 
were observed. The lesion produced by the larvae appeared 
spherical and resulted in broadening of the base of the muco­
sal fold (fig. 17). It was bounded by connective tissue 
fibers apparently displaced from their normal position in the 
mucosal fold. Hyaline necrosis was characteristic of the 
lesion (fig. 18). Host cellular elements could be seen under­
going cytolysis and pyknosis near the larva (fig. 19). Acid 
phosphatase activity was strong in the region in proximity 
to the worm (fig. 20) and fibroblasts with lysomes were also 
observed (fig. 21). Inflammation characterized by granulo­
cytes (figs. 18-22) and macrophage cells (figs. 23-24)
Fig. 16. Third stage larva of D. bullocki with 
surrounding macrophage cells. Note macrophages as 
demonstrated by Trypan blue granules. Trypan Blue, 
Carmalsum. 606X
Fig. 17. Fourth stage larva of D. bullocki in 
intestinal submucosa. Note broadening of base of 
mucosal fold. Gomori's Trichrome. 160X

Fig. 18. Fourth stage larva in submucosa. Note 
hyaline necrosis surrounding worm, and purple 
granules in lesion indicating granulocytes. 
Aldehyde Fuchsin. 16OX
Fig. 19. Fourth stage larva in submucosa with 
adjacent necrotic host tissue. Note cells under­
going pyknosis and cytolysis. Hematoxylin and Eosin. 
606X

Fig. 20. Fourth stage larva in submucosa with 
adjacent host tissue demonstrating acid 
phosphatase activity. 16OX
Fig. 21. Electron micrograph of fibroblast 
with lysosome in vicinity of fourth stage larva. 
17,500X

Fig. 22. Granulocytes (purple granules) in submucosa 
of host tissue. Aldehyde Fuchsin. 1605X
Fig. 23. Macrophage in submucosa with phagocytized 
Trypan Blue particles. Trypan Blue, Carmalum. 1605X

Fig. 24. Macrophages in lesion produced by fourth 
stage larvae as demonstrated by ingested Trypan Blue 
particles. Trypan Blue, Carmalum. 160X
Fig. 25. Granulocyte cells in various stages of 




occurred consistently in the lesion. These granulocytes 
were best demonstrated by aldehyde fuchsin or toluidine 
blue. The granulocytes appeared in various stages of degen­
eration, with granules remaining intact while the cells 
underwent cytolysis (fig. 25). Alkaline phosphatase- PAS, 
Alcian Blue and Oil Red 0 staining was not strong in the 
lesion. Alkaline phosphatase did appear to be associated 
with the connective tissue fibers of the mucosal folds 
(fig. 26).
Although considerable local damage was done by this 
stage, there was no histological movement from the initial 
lesion. Observations of fresh segments of host tissue con­
taining fourth stage larvae revealed little movement by the 
worm. A brown refractile body was often associated with this 
stage when observed in fresh tissue (fig. 27), which is pre­
sumed to be the molted third stage cuticle.
Adult worms typically were found attached to the 
posterior intestine and rectum of the host (fig. 28). Gross 
pathology produced by the adult worms was rarely observed. 
However, on a few occasions hemorrhages were observed in 
heavily infected fish. Clear fluid was observed in the 
intestinal tract of living D. bullocki while they were still 
attached to the host intestine. Occasionally some adult 
worms had a red fluid in the intestinal tract suggesting that 
red blood cells had been ingested.
The absence of gross pathology produced by the adult 
worm was generally paralleled histologically. The primary
Pig. 26. Alkaline phosphatase activity in intestinal 
wall of F. heteroclitus. Note absence of activity in 
lesion containing fourth stage larva. 16OX
Fig. 27. Living fourth stage larva in freshly dissected 
portion of intestinal wall of D. bullocki. Note brown 
retractile body which is presumed to be molted third 
stage cuticle. 160X

Fig. 28. Adult worm attached to rectum of D. bullocki. 
Note destruction of mucosa at point of attachment, 
flattening of adjacent mucosal cells, and thickening 
of lamina propria. Gomori's Trichrome. 63X
Fig. 29. Attachment site of adult worm. Note plug 
of tissue in buccal cavity and rodlet cells in mucosa. 
Aldehyde Fuchsin. 160X
mm
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pathology was destruction of the mucosal tissue at the point 
of attachment (fig. 28), but no inflammation was evident.
Flattening of the mucosal layer appeared where the adult
r
worms came in contact with it (fig. 28). A plug of intes­
tinal tissue was evident in the buccal cavity of the worm 
and rodlet cells were present in this region of attachment 
(fig. 29). A thickening of the lamina propria was observed 
at the site of attachment (fig. 28). Host tissue acid phos­
phatase activity appeared reduced in the general region of 
attachment (fig. 30). Portions of the worm projecting into 
the intestinal lumen were observed to be coated with a PAS 
positive, diastase fast material which stained with Alcian 
Blue (fig. 31). Presumably this was mucopolysaccharide.
On two occasions adult worms were found in the body 
cavity of F. heteroclitus. These worms had evidently per­
forated the intestine. They were enveloped in a heavy 
connective tissue capsule which upon opening released 
fluid, cellular elements, and the moribund worms.
Discussion
The pathology produced in marine fishes by parasitic 
nematodes exhibits a considerable degree of variation which 
may be dependent upon the species and developmental stage of 
the nematode (Margolis, 1970). No stage of D. bullocki occur­
ring in F. heteroclitus was observed to produce any severe 
deleterious effects upon its host.
Fig. 30. Acid phosphase activity in rectum containing 
adult D. bullocki. Note reduced acid phosphatase 
activity in region containing worm. 63X
Fig. 31. PAS positive, diastase fast material 




The greatest degree of pathology was produced by the 
fourth stage larvae. Gibson (1972) and Janiszewska (1939) 
did not report any severe pathology for third stage larvae 
of Cucullanus heterochrous or C. minutus. A similar lack 
of host response to the third stage larvae in this study 
may be due to the small size and lack of biting mouth parts 
in D. bullocki third stage larvae. The third stage larvae 
of C. heterochrous and C. minutus described by Gibson (1972) 
are small and have mouth parts similar to those of D. bul­
locki. These mouth parts are not capable of grasping tissue 
and consequently this may account for the absence of reported 
pathology of third stage larvae by these cucullanids.
Petrushevsky and Shulman (1955) suggested that the degree of
pathology of Contracaecum aduncum larvae is proportional to 
their size. The third stage larvae of D. bullocki are rela­
tively small and may not elicit a host response due to their
size.
The fourth stage larvae of D. bullocki elicited a 
pathology similar to that reported by Janiszewska (1939) for 
fourth stage larvae in the intestinal wall of Platichthys 
flesus. Janiszewska (1939) noted inflammation, necrosis, 
encapsulation and lymphocyte infiltration into the lesion. 
Larvae of C. minutus have biting mouth parts similar to 
those of D. bullocki. Janiszewska (1939) and Gibson (1972) 
reported that fourth stage larvae of C. minutus migrate 
within the intestinal wall feeding as they move. Janiszewska 
noted that this activity resulted in extensive tissue
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destruction. The fourth stage larvae of D. bullocki do 
not migrate similarly and consequently only a localized 
tissue destruction was noted. However, it does appear that 
the pathology results from mechanical disruption. The length 
of time fourth stage larvae of D. bullocki spend in the 
intestinal wall of F. heteroclitus may be up to eight months 
(Section III). It would seem that this would be an extensive 
period of time for a host intestine to undergo continuous 
tissue destruction. C. minutus occur as fourth stage larvae 
for a maximum of four months (Gibson, 1972). It is tempting 
to speculate that the extended period of time D. bullocki 
occur as fourth stage larvae require a reduced pathological 
burden on the host.
Janiszewska (1939) reported that adult C. minutus 
produce minimal damage to the host intestinal wall. C. 
minutus attach similarly to D. bullocki with only localized 
destruction of the mucosa, and a plug of intestinal tissue 
drawn into the buccal cavity. This mode of attachment does 
not necessarily mean an absence of adverse effect on the host 
since Camallanus moraveci demonstrate a similar mode of attach 
ment, but are pathogenic for their hosts (Petter et al., 1974) 
Hiscox and Brocksen (1973) demonstrated that Bulbodacnitis 
ampullostoma, a cucullanid occurring in the pyloric caecae 
of Rainbow Trout, inhibited lipid uptake with resultant 
emaciation of the host, but no histopathology was reported.
The coating of mucus surrounding the adult worms may 
serve to protect the host from adverse effects of the worm.
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Bullock (1963) suggested this protective effect of mucus 
in a study on the histopathology of Acanthocephalus 
jacksoni in Rainbow Trout. The reduced acid phosphatase 
activity in the area of attachment to the host tissue may 
suggest a possible enzyme inhibition by the parasite. This 
would require more examination, but so called antienzyme 
effects have been reported for other nematodes (Chitwood and 
Chitwood, 1974).
The strong tissue response to adult D. bullocki in 
an abnormal site in the host is similar to what Janiszewska 




The first successful experimental infection of a cucul- 
lanid nematode to its definitive host is described. This 
represents the first experimental demonstration of direct 
infection of a nematode to a fish definitive host.
Developmental stages of D. bullocki are described includ­
ing cleavage stages, blastula, gastrula, first, second, 
third and fourth stage larvae, immature and mature adults.
A seasonal maturation cycle is described for D. bullocki 
in naturally infected F. heteroclitus.
Larval and adult D. bullocki exhibited site specifity in 
naturally infected F. heteroclitus. Third and fourth 
stage larvae exhibited site specifity for the anterior 
intestinal wall. Immature and mature adult worms 
exhibited site specificity for the posterior intestinal 
and rectal lumen.
Significant morphological differences were observed in 
D. bullocki from F. heteroclitus collected in New 
Hampshire as compared to those collected in Connecticut.
Fourth stage larvae of D. bullocki elicit a pathology 
in the intestinal wall characterized by chronic inflammation
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and hyaline necrosis.
Adult worms produce local destruction of mucosal tissue 
at the site of attachment. There appeared to be depres­
sed acid phosphatase in the mucosa of intestinal tissue 
in the general region of attachment of adult worms.
v
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